Abstract In order to evaluate the effect of inoculation and co-cultivation media elements on transformation frequency in Petunia hybrida, modified MS media with different elements were tested on Alvan and Large Flower Alvan (LF Alvan), two local cultivars. Leaf explants of both cultivars were inoculated with Agrobacterium tumefaciens strain LBA4404 (pBI121) containing neomycin phosphotransferase (nptII) and an intron-containing b-glucuronidase (gus) genes. When medium lacking KH 2 PO 4 , NH 4 NO 3 , KNO 3 , and CaCl 2 was used as inoculation and co-cultivation medium, a higher frequency of transformation for Alvan (22%) and LF Alvan (16%) was obtained. Kanamycin resistant plantlets were stained blue by GUS assay. Furthermore, polymerase chain reaction (PCR) analysis revealed the presence of both gus and nptII genes in all putative transformants. Finally, southern blot hybridization confirmed insertion of 1-4 copies of gus gene in transgenic plants.
Introduction
Petunia (Petunia hybrida), a dicotyledonous plant in family of Solanaceae, is one of the most popular ornamental plants which is valuable due to its beautiful and fragrant flowers. Petunia is used to extend novel varieties in bedding plant market (Gerats and Vandenbussche 2005) . Moreover, it has become an important model plant because of its fast growth habit, short life cycle, clear genetic background, small genome and simple tissue operation method (Drummond et al. 2009 ). This species also attracted experimental interests in several studies such as biochemical pathway and flavonoid synthesis, floral development, transposon, self-incompatibility, male sterility and retroelement activity (Gerats and Vandenbussche 2005) .
A. tumefaciens is widely used in plant transformation system. There are several reports for Agrobacterium-mediated transformation of Petunia cultivars (Fraley et al. 1984 ; Van der et al. 1999; Lutke 2006; Wylie et al. 2003; Li et al. 2013) . The improvement of transformation efficiency in Petunia can facilitate genetic modification studies (Thirukumaran et al. 2009; Azadi et al. 2016) . Host recognition by Agrobacterium is comprised of two independent processes including virulence gene activation and attachment to the host cell (McCullen and Binns 2006; Subramoni et al. 2014) . Many factors including inoculation and co-cultivation media composition have a significant effect on Agrobacterium mediated transformation efficiency (Azadi et al. 2016) . Removing some elements such as NH 4 NO 3 (Hoshi et al. 2004) , CaCl 2 (Montoro et al. 2000) or all inorganic elements (Dupre et al. 2000) and also KH 2 PO 4 , NH 4 NO 3 , CaCl 2 and KNO 3 (Azadi et al. 2010a; Sharafi et al. 2014 ) from inoculation and co-cultivation media, significantly enhanced the transformation frequency in plant studied species. Ions have an important role in bacterial attachment to plants (Romantschuk 1992) . CaCl 2 might mediate bacteria or plant cell responses which impede the process of gene transfer (Montoro et al. 2000) . Also the Ca ?2 could hamper bacterial virulence genes to be expressed (Flego et al. 1997) . The mechanism of the ion inhibitory effect on T-DNA transfer into plant cells remains unknown. In many plant species when halfstrength salts MS medium was used as co-cultivation medium (Phelep et al. 1991; Tzfira et al. 1996; Machado et al. 1997; Zhang et al. 2003 ) the highest percentage of Agrobacterium-mediated gene transformation was obtained. One-tenth-strength MS medium has also led to the high percentage of transformation in wheat (Cheng et al. 1997; Ke et al. 2002) .
In this study, the effect of eliminating macro and micro elements, vitamins and iron from inoculation and co-cultivation media on efficiency of gus gene transformation in Petunia was investigated.
Materials and methods

Plant material and bacterial strain
Seeds of two local cultivars of P. hybrida 'Alvan' and 'Large Flower Alvan (LF Alvan)' were sterilized by 70% ethanol for 30 s and sodium hypochlorite solution for 10 min, including a few drops of Tween 20. They were rinsed three times with sterile water and dried on sterile filter paper. Seeds were cultivated in MS medium containing 30 g/l sucrose and solidified with 7 g/l agar [Duchefa, Haarlem, The Netherlands]. The pH was adjusted to 5.8 with 1 N NaOH prior to autoclaving (121°C for 20 min). Cultures were incubated at 25 ± 2°C with 16/8 h photoperiod at 40 lmol m -2 s -1 . Five weeks after germination, young leaves were cut into 6-8 mm segments, and used as explants for Agrobacterium inoculation. A. tumefaciens strain LBA4404 harbouring the plasmid pBI121 was used for inoculation. T-DNA of this plasmid consists of neomycin phosphotransferase gene (nptII) controlled by nos promoter, and the GUS reporter gene, ß-glucuronidase (uidA), controlled by 35S cauliflower mosaic virus promoter (CaMV35S) (Fig. 1) . There is trfA out of T-DNA region under the control of a prokaryotic promoter to select transgenic bacteria (Durland et al. 1990; Chen et al. 2003) .
Kanamycin selection
Explants cultured on MS medium containing different concentrations of filter-sterilized kanamycin (0, 25, 50, 75, 100 and 150 mg/l) and kept at 25 ± 2°C temperature and 16/8 h photoperiod under cool-white fluorescent light at 40 lmol m -2 s -1 . Survival rate was calculated after 4 weeks ( Table 1) .
Agrobacterium-mediated transformation
A. tumefaciens was grown overnight in a liquid LB medium with 50 mg/l kanamycin and 50 mg/l rifampicin on a shaker incubator with 120-130 rpm at 28°C. The bacterial suspension was centrifuged for 10 min (4000 g), then resuspended in inoculation medium and diluted to OD 600-= 0.8. Inoculation and co-cultivation media were considered as four treatments including: (a) full MS medium, (b) MS without KH 2 PO 4 , NH 4 NO 3 , KNO 3 , (c) MS without KH 2 PO 4 , NH 4 NO 3 , KNO 3 , CaCl 2 and (d) only distilled water, sucrose and agar (no MS elements and vitamins) ( Table 2 ). Leaf explants dried out on sterilized filter paper after inoculation with bacterial suspension and then cocultivated on 7 g/l agar-solidified MS treatments including 30 g/l sucrose, and 10 mM MES with pH 5.6 for 3 days under dark condition. In order to eliminate Agrobacterium, explants were washed with liquid MS medium containing 500 mg/l cefotaxime [Sigma-Aldrich, Steinheim, Germany] and then transferred to selection medium containing 30 g/l sucrose, 7 g/l agar, 200 mg/l cefotaxime, 100 mg/l Kanamycin [Sigma-Aldrich, Steinheim, Germany] and 2 mg/l TDZ [Sigma-Aldrich, Steinheim, Germany]. Regenerated shoots on selection medium (2-3 cm) were rooted on half-strength MS medium supplemented with 30 g l -1 sucrose, 0.1 mg/l NAA [Duchefa, Haarlem, The Netherlands], 7 g/l agar and 50 mg/l kanamycin. The rooted plantlets were rinsed under running tap water to remove agar and transferred to the plastic pots containing a ratio of sterile vermiculite and perlite (1:1) mixture. They successfully acclimatized in a transparent plastic box in a growth chamber condition 16/8 h (light/dark) photoperiod, under fluorescent illuminations (40 lmol m -2 s -1 and 22°C ± 1°C) for 2 weeks.
Physiol Mol Biol Plants In each treatment, 100 leaf explants from each cultivar were inoculated and the experiment was repeated five times. The data were collected as a mean of five replications ± standard error Various letters shows significant differences at P B 0.05 (n = 5) a
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DNA isolation and polymerase chain reaction analysis
Leaves of control and treated plants were used for DNA extraction following cetyltrimethylammonium bromide (CTAB) method according to Doyle and Doyle (1987) protocol. Gel electrophoresis and spectrophotometer were used for qualitative and quantitative evaluation of DNA, respectively. For polymerase chain reaction (PCR), specific primers of nptII, gus and trfA genes were used. The PCR amplifications were performed in 25 ll reaction mixture containing 1 ll of DNA template, 1 ll of each primer and 12. Histochemical gus assay GUS assay was done using 5-bromo-4-chloro-3-indolyl b-D-glucuronidase (X-Gluc) solution [Wako Pure Chemical Industries Ltd, Osaka, Japan] (Jefferson et al. 1987) . The leaves of putative transgenic plantlets from each treatment were incubated overnight in 50 mM sodium phosphate buffer (pH 7.0) with 1 mM X-Gluc at 37°C under dark condition. Following incubation, chlorophyll was removed by 70% ethanol.
Southern blot hybridization
Southern blot analysis was carried out with 10-20 lg of genomic DNA extracted from leaves of PCR-and guspositive plants and non-transformed control P. hybrida which were digested with BamHI with a single cut within the T-DNA (Fig. 1) . The products were electrophoresed on 1% (W/V) agarose gel and subsequently were transferred to positively charged nylon membrane (Boehringer Mannheim GmbH, Mannheim, Germany). The gus probe (521 bp) related to the gus gene was prepared from plasmid pBI121 by labelling digoxigenin (DIG) using the PCR DIG probe synthesis kit (Roche Diagnostics, Mannheim, Germany). Pre-hybridization and hybridization were conducted using a high-SDS hybridization buffer containing 50% deionized formamide, 5 9 SSC, 50 mM sodium phosphate (pH 7.0), 2% blocking solution, 0.1% N-lauroylsarcosine, and 7% SDS. Washing and detection steps were performed using instruction manual of the DIG labeling and detection system (Roche Diagnostics, Mannheim, Germany). Exposing of nylon membrane to the detection film (Lumi-Film Chemiluminescent Detection Film; Roche Diagnostics, Mannheim, Germany) led to detection of hybridization signals.
Statistical analysis
The experiments were based on a completely randomized design (CRD). The kanamycin selection experiment was done in three replications with 10 explants per replication and the transformation experiment was conducted in five replications with 20 explants per replication. Percentage data were subjected to arcsine (Hx) transformation before statistical analysis. Analysis of data was conducted using ANOVA and Duncan's multiple range test at P B 0.05, via SAS 9.1 software, was applied to compare the means.
Results
Kanamycin selection
Kanamycin is widely used for the screening of transgenics with the ability to destroy the cell protein function and bind to the 30S ribosomal protein which is present in the organelles such as chloroplast. The most commonly used gene in the selection of transgenic plants is nptII gene, making plants resistant to kanamycin as glycoside antibiotic through the phosphorylation of the hydroxyl groups (Pandian et al. 2006) . Kanamycin sensitivity of Petunia was examined during 4 weeks. Survival rate was significantly decreased with the increasing of kanamycin concentration and the lowest percentage of viability was obtained in the selection media with 100 and 150 mg/l kanamycin (Table 1) . However, the appropriate concentration of 100 mg/l was considered for the selection of transgenic plants as the lowest concentration of the Kanamycin able to inhibit regeneration of the untransformed shoots, is preferred. The result of this assessment was similar for both cultivars.
Frequency of putative transgenic shoots
The effect of four inoculation and co-cultivation media were evaluated on production of kanamycin-resistant shoots of Petunia cultivars (Table 2 ). After two months shoots Physiol Mol Biol Plants were induced on all explants (Fig. 3a, b) and successfully rooted within 1-2 months in rooting medium (Fig. 3c) . In Alvan cultivar, the minimum rate of putative transgenic shoots (5%) was obtained in full strength MS medium (Medium 1). The frequency of putative transformed shoots was increased when medium 2 (MS medium lacking KH 2-PO 4 , NH 4 NO 3 , and KNO 3 ) was used. In medium 3, in which CaCl 2 was additionally removed, the highest frequency of putative transgenic shoots (30%) was observed. Also elimination of other elements such as micro and macro elements, vitamins, Na 2 EDTA, and FeSO 4 (Medium 4) significantly increased the frequency of putative transgenic shoots compared to media 1 and 2 (Table 2 ). In LF Alvan cultivar the lowest kanamycin-resistant shoots (4%) was observed on medium 1 and no significant increase on frequency of putative transgenic shoots was observed in medium 2. The highest frequency of kanamycin-resistance shoots (25%) was obtained when KH 2-PO 4 , NH 4 NO 3 , KNO 3 and CaCl 2 were eliminated from inoculation and co-cultivation media (Medium 3). Compared with medium 1, the frequency of putative transgenics was significantly higher in medium 4 and there was no significant difference between media 2 and 4.
PCR analysis
The presence of both nptII and gus inserts was confirmed by PCR amplification of DNA sequences (Fig. 2a) . In both cultivars the lowest and the highest rate of transformation was observed in medium 1 and 3 respectively ( Table 2 ). The absence of Agrobacterium impurity was studied by the absence of the 1122 bp band corresponding to the trfA gene and only one sample (sample 6) showed bacterial contamination (Fig. 2b) .
GUS assay
Leaf samples of both putative transgenic and non-transgenic P. hybrida plantlets were tested for gus activity by histochemical gus assay and the leaves of kanamycin-resistant plantlets were stained blue (Fig. 3d) . As shown in Table 2 , no gus expression was observed in full-strength MS medium. None of putative transgenic plantlets for Alvan (0/5) and for LF Alvan (0/4) were gus positive in medium 1. The highest number of gus-positive plantlets for Alvan (22/30) and LF Alvan (16/25) were obtained on modified MS medium without KH 2 PO 4 , NH 4 NO 3 , KNO 3 , and CaCl 2 (medium 3).
Transformation efficiency
For both cultivars no transformants were obtained on medium one. When KH 2 PO 4 , NH 4 NO 3 , and KNO 3 were removed from MS medium, the frequency of transformation was significantly increased. The highest frequency of transformation for Alvan (22%) and LF Alvan (16%) was achieved on medium 3. In Alvan cultivar, a higher rate of transformation was occurred on medium 4, compared with media 1 and 2. In LF Alvan no significant difference was detected in the transformation efficiency between media 2 and 4. However, a significant increase was observed compared with control medium (Table 2) .
Southern blot of transgenic plants
Six independent transformed lines, which showed strong gus activity and amplified PCR bands, were selected for southern blot hybridization by the uidA gene as a probe (Fig. 1) . Two of six transformed plants (lines 4 and 5) had a single copy of gus integration, however four plants (Lines 1, 2, 3 and 6) showed multiple copies of gus integrations (Fig. 4) . The non-transformed plant showed no hybridization signal. Well-developed transgenic plantlets were transferred to the plastic pots containing 1:1 ratio of vermiculite and perlite, and acclimatized under growth chamber condition (Fig. 3e) . 
Discussion
In this study the effect of different types of modified MS media as inoculation and co-cultivation media was examined on Agrobacterium-mediated transformation of P. hybrida. When macro elements including KNO 3 , KH 2 PO 4 , CaCl 2 and NH 4 NO 3 were removed from inoculation and co-cultivation media, transformation efficiency was increased significantly. This result could accurately be observed in Agrobacterium-mediated transformation system in Lilium (Azadi et al. 2011 ) and hairy root induction of Papaver bracteatum (Sharafi et al. 2013) . The transformation efficiency was achieved at maximum rate in Lilium (Azadi et al. 2010a ) and Dracocephalum kotschyi (Sharafi et al. 2014) when macro elements such as NH 4-NO 3 , KNO 3 , CaCl 2 and KH 2 PO 4 were removed from the inoculation and co-cultivation media. Previous studies showed that biofilm formation of A.tumefaciens increased Fig. 3 Transgenic plant regeneration of P. hybrida through Agrobacterium-mediated transformation. a Leaf explants showed resistance to kanamycin after 6 weeks on the selection medium (bar: 1 mm); b Regeneration of transgenic plant from selection medium, 2 months after co-cultivation (bar: 1 mm); c Rooted shoots on rooting medium (bar: 1 cm); d Histochemical GUS assay of leaf of transgenic plant (right) and non-transformed plant (left) (bar: 2 mm); e Two transgenic plantlets were acclimatized in phytotron (bar: 2.5 cm) Physiol Mol Biol Plants when inorganic phosphorous in co-cultivation medium was limited (Danhorn et al. 2004 ). Hoshi et al. (2004) observed a higher gus gene transformation in Lilium Acapulco' cultivar when NH 4 NO 3 was removed from co-cultivation medium. Likewise, proliferation of Agrobacterium was high in free-nitrogen medium. It has also been reported that elimination of CaCl 2 from co-cultivation medium has rapidly improved the transformation efficiency in Hevea brasiliensis (Montoro et al. 2000) . The shortage of PO 4 could enhance VirG expression activity and create a proper positive signal to induce the infection of plants (Winans 1990; Subramoni et al. 2014) .
Removing other elements such as MgSO 4 , micro elements, iron and vitamins from inoculation and co-cultivation media significantly increased transformation frequency compared with media 1 and 2 but reduced the percentage of transformation compared with medium 3 in both P. hybrida cultivars. Dupre et al. (2000) obtained the highest transformation efficiency in Ginkgo biloba when mineral elements-free co-cultivation medium was used.
This study revealed a possible role of macro elements (NH 4 NO 3 , KNO 3 , CaCl 2 and KH 2 PO 4 ) in reduction of the A. tumefaciens-mediated transformation in P. hybrida. Cocultivation media, 3 and 4, were provided the highest bacterial proliferation around the explants compared with full strength MS medium. This experiment confirmed that macro elements partially prevent A. tumefaciens growth and proliferation during inoculation and co-cultivation conditions (Azadi et al. 2010b ). This is important as removing of such macro elements from inoculation or cocultivation media, may facilitate the transformation of recalcitrant species.
In conclusion, we have developed an effective system to significantly increase the agrobacterium-mediated transformation efficiency of P. hybrida by elimination of macro elements such as KNO 3 , NH 4 NO 3 , CaCl 2 and KH 2 PO 4 from inoculation and co-cultivation media.
